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Fig. 15. HOLISTIC ENGINEERING OF DIFFERENTIALLY 
ACTIVATABLE STACKED TRAITS IN NOVELTRANSGENIC 
PLANTS USING DIRECTED EVOLUTION AND WHOLE CELLT 

MONITORING 




I.) Whole cell monitoring (can include all detectable functions and physical parameters). Examples 
include morphology, behavior, growth, responsiveness to stimuli (e.g., antibiotics, different 
environment, etc.)- May also include all measurable molecules, including nucleic acids, proteins, 
carbohydrates, proteoglycans, glycoproteins, and lipids. 



2.) Introduce stacked traits (can include selectively and differentially activatable traits). 



3.) Whole cell monitoring. 




4. ) Data compilation, processing, analysis, determination of correlations among 
measurable parameters. 

5. ) Further genetic manipulations 

6. ) Optionally repeat any or all steps, 1-3. 



7.) Optionally subject to any or all steps, 3-6. 




Fig. 16. Differential Activation of Selected Traits Can Be Achieved by 
Adjusting and Controlling the Environment of the Traits. 

For example, in one aspect, stacked traits can be comprised of genetically introduced 
enzymes. Because the stacked enzymes have different activity profile (including reaction 
specificities and reaction requirements) they can be selectively and differentially activated by 
adjusting the environment to which they are exposed. 



Transgenic cell with 
multiple activatable 
traits 




O Activatable enzyme 



Adjustment of the reaction 
environment based on 
differential 

requirements and specificities of 
the stacked traits ( enzymes) 




Each enzyme has a 
unique activity profile 
or fingerprint profile. 
This activity profile 
includes its: 
Substrate spectrum 
Product spectrum 
Inhibitor(s) 
Cofactor(s)/prosetic 
groups 

Metal compounds/salts 
pH optimum 



Active enzyme 
@ Inactive enzyme 



Fig. 17. 



Harvesting, Processing, Storage 



Differentially activated and/or selected enzymes respond to the environments of harvesting, 
processing and storage to activate environmentally action specific promoters. 

Transgenic cell with 
multiple activatable 
traits, 
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Fig. 18. Processing 



', * a | "| Pre-Pro Gene Product* 
l l I 1 



Processing/Decorating 



□ 

Pro Gene Product 



■ ■ 

■ ■ 



Processing/Decorating 



Active Gene Product 



Degradation 



I ^LX I 

— — Inactive Gene Product 



* An example of a Gene Product might be a protein. Through 
processing/decorating the protein changes forms, eventually becoming active. It is 
at this point that specific traits can be expressed differentially. 



Fig. 19. Cellular Mutagenesis. 




a) Mutagenize by introducing 
library 



A library of mutagenized 
DNA sequences (e.g. 
generated by saturation- 
mutagenesis &/or ligation 
reassembly) 



A starting population (e.g. 
copies of 1 organism 
comprised of a starting 
genome) 




Library of 
mutagenized 
organisms 




A second library 



b) Screen 




d) Optionally combine 
mutations 




c) Mutagenize by 
introducing library 



Optionally repeat any of 
steps a, b, c &/or d 



Optionally repeat any of steps 
a, b, c &/or d 




Fig, 20. Differential Activation of Selected Precursor (Inactive) Gene Products 

Differential activation of selected precursor (inactive) gene products by 
controlling the post-translational modifications that differentially transform 
selected molecules from inactive precursor form to active form. Deselection of 
particular molecules can also be achieved by degradation (ex. By proteoclytic 
cleavage). 




Inactive precursor gene products 
(ex. pre-pro hormones, pro-hormones 
pre-pro proteins, or pro-proteins). 
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Figure 21. Starting population comprised of an organism strain to be subjected to 
improvement or evolution in order to produce a resultant population comprised 
of an improved organism strain that has a desired trait x 



0: 



Legend 

Represents strains improved in one 
or more ways e.g. "up mutants" 

Represents strains with adverse 
mutations e.g. "down mutants" 

Represents strains with no 
improvement e.g. "null mutants" 
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3) Combine mutations 
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4) Optionally repeat 1), 2) &/or 3) 



5) Select improved strain 
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Figure 22. Starting population comprised of a genomic sequence to be subjected to 
improvement or evolution in order to produce a resultant population comprised of an 
improved genomic sequence that has a desired trait 
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Fig. 23. Strain Improvement. 
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Fig. 24. Iterative Strain Improvement 
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